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Abstract 
Energy-saving design is the key factor for buildings, and there is no unified approach that can effectively assess the 
energy efficiency of residential design．On the basis of the characteristics of complexity and the uncertainty of 
optimal selection for energy-saving building designs, grey relational analysis model in energy-saving buildings multi-
designs selection application has been put forward in this paper. The index system of influencing energy-saving 
buildings design selection is determined. Application model and procedures of the grey relational analysis method are 
introduced. According to the degree how close it is with the ideal dot, the optimal design is easy to be selected out. 
Through the optimization analysis design selection for energy-saving building designs, it is proved that the optimal 
design selection for energy-saving buildings based on grey relational analysis has the strong recognition judgment 
ability. It is convenient, quantitative, and strict. It provided a possible new way for evaluation of energy-saving 
building design selecting． 
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1. Introduction 
As we all know, energy saving has become increasingly subject to our government's attention with the 
environment and sustainable development concerned. As in the residential building energy efficiency 
technology evaluation, there is often a lot of vague information, various types of assessment data 
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inaccurate, and the improvement of the system state data which is difficult to describe with precision. The 
evaluation of energy-saving building design selecting is with uncertainty and complexity. Select a 
reasonable design needs to consider the use of function, technology, economics, and many other factors. 
These factors include not only easy-to-quantitative calculation of the indicators, but also qualitative 
description of the grey factors. 
At the present the selection for the energy-saving building designs generally depends on the selector’s 
experiences. It exist some subjectivity and one-sidedness unavoidably.Grey relational analysis, which is 
an important part of grey system theory, can grasp principal contradiction and found the main features or 
main relationship of complicated things. So it has more complete, objective and comprehensive reflection 
of the quality level of things. 
In this paper, the grey relational analysis is introduced to use to the optimal selection for energy-saving 
building designs. This method can provide a possible new way for the optimal selection of energy-saving 
building designs. 
2. Grey relational analysis method 
Grey system is a system which some of its information is clear and some of its information is not clear. 
Grey correlation, which knows as grey relation, is the uncertainty associated between things, or 
uncertainty associated between system factors and the main behavioral factors. Grey relational analysis, 
which is one of the important contents of grey system theory, is based on the degree of similarity or 
differences between the main development trends of factors to measure factors the extent of nearly level. 
Assumed that the reference sequence is Xi=(xi(1)，xi(2)，…，xi(n)) ,and sequence being evaluated is 
Xj=(xj(1)，xj(2)，…，xj(n)) .To eliminate the impact of evaluating indicator’s dimension, the sequence 
should be standardized. If the greater factor is the better, it is standardized according to equation 1. 
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If the smaller factor is the better, it is standardized according to equation 2. 
[ ])vmin()vmax(
v
1a
)k(
ij
)k(
ij
)k(
ij)k(
ij +−=   (2) 
If Yi  is standardized value of Xi , and  Yj  is standardized value of Xj .So the correlation coefficient 
between sequence being evaluated and reference sequence is defined as follows.  
The absolute difference between Yi and Yj  is 
( ) ( ) ( )kYkYk jiij −=Δ   (3) 
The minimum absolute difference is : 
( ) ( )kYkYminminmin jikj −=Δ   (4) 
The largest absolute difference is : 
( ) ( )kYkYmaxmaxmax jikj −=Δ   (5) 
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So the correlation coefficient is : 
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Where ρ is the resolution coefficient, generally the value takes 0.5. 
Associated degree, γ, is associated area ratio of between sequence being evaluated Xj and reference 
sequence Xi, and is defined as 
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Normally, we directly use the average correlation coefficient )k(nξ  as the correlation, namely equal 
weight correlation: 
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For some sequence, when the various factors have the different importance, according to the role of the 
various indicators were given different weights, the weighted correlation between the being evaluated Xj 
and the reference sequence Xi is 
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  (9) 
According to equation 9, sequence being evaluated can be sorted, and the best sequence can be found 
out. 
3. Energy-saving building designs 
For selecting energy-saving building designs, to achieve the same goal is often to have a lot of designs. 
It is an important research topic of energy-saving building designs selecting how to finally make the right 
choice through a variety of design evaluation and comparison choice. 
In order to evaluate the energy-saving building designs, the four energy-saving building designs were 
put forward, which are A, B, C and D. According to the local actual situation, twelve main indicators are 
used to assess these four designs, which are shape coefficient, wall materials, wall heat transfer 
coefficient, roof heat transfer system, waterproof, heat transfer coefficient of windows and doors, ratio of  
window to wall, doors and windows material, air-conditioning system, lighting system, drainage system, 
kitchen System. These twelve indicators’ weights were defined as 0.045, 0.0239, 0.0085, 0.1259, 0.1259, 
0.0039, 0.0291, 0.0107, 0.0490, 0.3274, 0.1254, and 0.1253. 
In accordance with comparison of various designs on the merits and demerits for each factor, some 
experts in the light of actual circumstances scored as shown in table 1. 
Table 1. the specialist evaluation value 
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alternatives designs 
evaluation indexes 
A B C D 
shape coefficient (S1) 81 89 96 85 
wall materials (S2) 85 87 82 75 
wall heat transfer coefficient (S3) 92 90 93 80 
roof heat transfer system (S4) 84 86 80 77 
waterproof (S5) 90 95 85 88 
heat transfer coefficient of windows and doors (S6) 83 90 95 85 
ratio of  window to wall (S7) 76 88 79 90 
doors and windows material (S8) 85 86 82 92 
air-conditioning system (S9) 90 90 85 86 
lighting system (S10) 78 87 90 83 
drainage system (S11) 82 90 80 85 
Kitchen System (S12) 87 75 83 72 
4. Evaluation of  design selection for energy-saving buildings based on grey relational analysis 
Based on grey relational analysis method, we do the optimal selection of energy-saving buildings 
designs, and sort four alternative designs and find the best energy-saving building design. 
Firstly, all indicators are standardized according to equation 1 and equation 2, so the reference 
sequence X0 can be written: 
X0= {0.542,0.537,0.538,0.528,0.528,0.534,0.542,0.529,0.514,0.536,0.529,0.547} 
According to equation 3, the absolute difference between designs being evaluated A (or B, C, D) and 
reference proposal X0 can be given in table 2. 
From table 2, it can be seen that the minimum absolute difference is 0, and the maximum absolute 
difference is 0.094. So according to equation 6, the correlation coefficient of the proposals to reference 
proposal can be written in table 3. 
Considering the weight of each indicator, according to equation 9 the correlation of four proposals can 
be concluded as follows: 
Aγ =0.606,    Bγ =0.798,  Cγ  =0.712,  Dγ  =0.526 
Four alternative designs are sorted according to its correlation, and the result is DACB γγγγ >>> .If 
the correlation is the greater, the design is the better. So the best is the design B, and the better is C. 
5. Conclusions 
In this paper, grey relational analysis method is introduced and reasonably applied to evaluation of 
selection for energy-saving building designs. It has a small amount of calculation and credible conclusion 
result. The result showed that it is scientific and applicable method, and can provide for the selection for 
energy-saving building designs a new way of thinking and methods. 
Table 2. the absolute difference  
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alternatives designs 
evaluation indexes 
A B C D 
S1 0.085 0.040 0.000 0.062 
S2 0.012 0.000 0.031 0.074 
S3 0.006 0.017 0.000 0.075 
S4 0.012 0.000 0.037 0.055 
S5 0.028 0.000 0.056 0.039 
S6 0.067 0.028 0.000 0.056 
S7 0.084 0.012 0.066 0.000 
S8 0.040 0.034 0.057 0.000 
S9 0.000 0.000 0.029 0.023 
S10 0.071 0.018 0.000 0.042 
S11 0.047 0.000 0.059 0.029 
S12 0.000 0.075 0.025 0.094 
Table 3. the correlation coefficient of the proposals to reference proposal  
alternatives designs 
evaluation indexes 
A B C D 
S1 0.357 0.543 1.000 0.431 
S2 0.792 1.000 0.604 0.388 
S3 0.890 0.730 1.000 0.385 
S4 0.793 1.000 0.561 0.460 
S5 0.629 1.000 0.458 0.547 
S6 0.411 0.626 1.000 0.456 
S7 0.358 0.796 0.415 1.000 
S8 0.539 0.577 0.450 1.000 
S9 1.000 1.000 0.622 0.673 
S10 0.397 0.725 1.000 0.530 
S11 0.500 1.000 0.444 0.615 
S12 1.000 0.384 0.651 0.333 
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